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Introduction. The objective of our work is the high throughput synthesis of DNA minor groove binding agenfs
based on the distamycin structure and their screening for inhibition of androgen receptor mediated gene
transcription, which is unregulated in chemotherapeutic resistant prostate cancer and responsible for disease

progression. It represents a novel and unique new target for the treatment of relapse prostate cancer where
prognosis is presently very poor.

Body. The results to date in our studies are presented below and refer to Task 1-Task 4 of our proposals’
statement of work.

Task 1: To synthesize chemical A o , =
combinatorial libraries and @&”% " ’I\oi/ - AN em
compounds. Two objectives were m:,;m A ) — -
defined in our proposal. The first was | 0 Eg\m X, O~
to prepare a small set of modifications g ngf“ S N L, e
to compounds 124 and 128. The initial " Q—;\ﬁ iy Y
stage of this work has been completed 128 Oove Strcture % o M\ e
with the preparation of the new e O~y Oty

derivatives shown in Figure 1. As  Figure 1. N-Terminal modifications designed fo increase cell permeability.
anticipated, we have shown that their ability to bind DNA increases as the pK, increases (more protonated and
thus charged). However, we have not yet found derivatives that enter cells better than 124 and 128 and the new

derivatives were not better at inhibiting androgen receptor mediated gene transcription. This work continues
with additional new derivatives of 124 and 128.

- o " The second objective of
- Dhocon wﬁm mcg,um “W@ Task 1 was to prepare
H N g e . .
T m y Vs e " additional DNA  binding
N gn R=H,R =M R=H R =Me R, e R=HR=E . . .
a te o L) N Vb ReCOBUR=H  RxCOBURaH  ReCOBUR=H  Re=COBR=H libraries to discover new
v 0 (DA leads. Progress on these

: A RN RN AN RN
m’.?ﬁﬂ RTTH Dcon %\W EI,?“”*" Uon studies has been superb. An

Tauld-Tguid RomH, RO Mo ReH,R= B0 R H, R = Mo Ro=t, R = Me initial library of 2,640
First generation Iibraries of R= 008y, K= H Ro= 00y, B = H R=008y Rl Rw 0080, K= H
| Mmﬂw compounds was prepared
Derivatiza wit a baskc RHN RHN RHA RHN N 1 1
| side chain H m“’"" U)o Lo °x HHW (Figure 2a) and _contmues to
| S e T o ‘; g ﬂa o :- o undergo evaluation for DNA
| 2gents wthincreased afioky RoGobum=H  ReoumaReH  Retoiumets Mo binding and inhibition of
- ) T — : - - androgren receptor mediated
Figure 2a. Solution-phase strategy for DNA binding libraries and the amino acid subunits used in the preparation of the .
first library. gene transcription. A second
generation library (Figure 2b)
with different ids
n oA it | o of 4,394 members is in
w M | S N Ho N
1RO Y E:%mzu Z}mﬂ “(_7:1 “‘“\@/‘”’" progress and we have
]
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oo WA cresiad 21972 = 4394 membr oy also surveyed a series of

building blocks that could be
part of this library and

Figure 2b. Second generation DNA binding library to be generated with 13 novel subunits.
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examined their ability to bind DNA in our assay entailing the displacement of ethidium bromide from hairpin
DNA'’s. The results of this work were published and the paper detailing this work is provided in the appendix’
(C.R. Woods, N. Faucher, B. Eschgfaller, K.W. Bair, and D. L. Boger, Synthesis and DNA binding properties
of saturated distamycin analogues, Bioorg. Med. Chem. Lett. 2002, 12, 2647-2650).

Consequently, our progress on Task 1 has been outstanding.

Task 2: To identify libraries that have antitumor activity for prostate cancer cell lines and have high affinity
binding to ARE:s.

The cytotoxic assay for the prostate cancer cell line, LNCaP, has been set up and validated.

The first library of 2,640 compounds are beginning to be tested in this cell line.

The screening of the first library of 2,640 compounds against the ARE hairpin DNAs has been performed.

Once completed, the data for the two assays will be correlated to identify active constituents that display
activity against the prostate cancer cell line and bind the ARE consensus sequence.

Task 3: Define DNA binding selectivity of identified new leads.
This work has not yet begun and is waiting for the results above, although the assay is available since it was

deveioged by our group prior to submission of this grant (Boger, et al. J. Am. Chem. Soc. 2001, 123, 5878
5891).

Task 4: Determine the inhibitory effect on AR mediated gene transcription and transactivation.
As indicated in the original proposal, work on this task will be conducted at the final stages of the grant.

Key Research Accomplishments.
* Development of a novel solution-phase approach to the preparation of libraries of sequence selective DNA
binding compounds (high throughput synthesis).>
* Development of a novel high throughput screen for establishing DNA binding selectivity or affinity. This
includes the introduction of the first high throughput screen for a defined DNA sequence (i.e., androgen
response element) that can control abberant gene transcription.”

* Definition of previously unexamined features of distamycin responsible for its DNA binding affinity
(publication 1).!

Reportable Outcomes.
Publications

1. C. R. Woods, N. Faucher, B. Eschgfaller, K. W. Bair, and D. L. Boger, Synthesis and DNA binding
properties of saturated distamycin analogues, Bioorg. Med. Chem. Lett. 2002, 12, 2647-2650.

Conclusions. The work is progressing well and requires no changes in future work. The importance of the work
includes not only the potential development of a treatment for relapse (resistant) prostate cancer, but it defines a
new approach to treating diseases arising from abberant gene transcription and, importantly, provides the first

scientific tools to approach this problem (high throughput synthesis and screening technology for DNA binding
compounds).
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Abstract—A series of saturated heterocyclic analogues of distamycin were prepared and examined. A flucrescent intercalator dis-
placement (FID) assay conducted on p[dA]-p[dT] DNA to obtain Cso values and a hairpin deoxyoligonucleotide containing an A/T-
rich binding site was used to evaluate DNA binding affinity. It is observed that saturated heterocycles greatly reduce the DNA binding
relative to distamycin. © 2002 Elsevier Science Ltd. All rights reserved.

Polyamides composed of N-methylpyrrole (Py),
N-methylimidazole (Im), and a growing set of structural
analogues bind in the DNA minor groove with pre-
dictable sequence selectivity and high affinities.! Several
factors contribute to the success of polyamide binding
including hydrogen bonding, curvature, Van der Waals
contacts, and charged end groups. Each component has
been explored through the preparation of analogous
systems designed to probe the magnitude, requirements,
and relative importance of each feature. Yet, the bind-
ing effectiveness for polyamides lacking the n-system of
the integral heteroaromatic rings has been relatively
unexplored. Herein we report the synthesis and evalua-
tion of a series of saturated cyclic polyamides 1-5 (Fig. 1),
based on the known, effectivv DNA minor groove
binding agent distamycin.> Saturation removes the
n-system, alters the conformation, and increases the
thickness of the compound, yet maintains the relative
structure of distamycin and was used to assess the
importance of the n-system. A fluorescent intercalator
displacement (FID) assay conducted on pldA]-p[dT]
DNA to obtain Cs; values and a hairpin  deox-
yoligonucleotide containing an A/T-rich binding site
was used to evaluate DNA their binding affinity.

A solution-phase synthesis of the polyamides was con-
ducted using a series of 1-(3-dimethylaminopropyl)-3-

*Corresponding author. Tel: +1-858-784-7522; fax: + 1-858-784-
7550; e-mail: boger@scripps.edu

ethylcarbodiimide hydrochloride (EDCI) mediated cou-
pling reactions as described previously® where workup,
isolation, and purification could be addressed princi-
pally by liquid-liquid acid-base extractions. Each series
of analogues (1-5) are discussed separately below.

N-CBz pyrrolidine based system (1a and b). N-Boc
deprotection of 6* (HCI-EtOAc) provided the amine 7
as the hydrochloride salt and methyl ester hydrolysis of
6*(LiOH, THF-MeOH-H,0) provided carboxylic acid
8 (Scheme 1).

After deprotection, 7 and 8 were coupled to produce
dimer 9° (EDCI, HOBt, DMF, 25°C, 13-20h, 66%)

H
' . H N
distamycin H
S O
x e

a4 ',4 AR H
1a NCBz H Me O SNy
2a NH HTNZ_) " Me O NH
32 © o - N
X H
4a CH; o )
5a NMe TR N
H X \/\[r 2
X HYNm H s} NH
b NCBz [ N,
2b NH X i H
3b O X “ H
o %N NH,
a NH

Figure 1. Distamycin and saturated heterocyclic polyamides 1-5.

0960-894X/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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HN BocHN BocHN
b «HCI HCI LiOH
X7COMe  goac X7 "COMe | 1he meoH, X700
or H,0
dioxane
X X X
7 NCBz 6 NCBz 8 NCBz
13 0 12 0 4 ©
18 CH, 18 CH, 20 CH,
Scheme 1.

(Scheme 2). N-Boc deprotection of 9 (HCI-EtOAc, 25°C,
1h) and coupling with 8 (EDCI, HOAt, DMF, 25°C,
20h, 73%) provided trimer 10.5 The methyl ester of 10
was then hydrolyzed (2.5equiv NaOH, THF-H,0, 1.5h,
91%) to give the free carboxylic acid which was coupled
with 3-aminopropionitrile to afford 117 (EDCI, HOAt,
DMF, 25°C, 20h, 75%). End group functionalization of
11 was accomplished by simultaneous N-Boc deprotec-
tion and imidate formation (HCI-EtOH), amidine for-
mation (NH3-EtOH, 25°C, 2-24h), and N-formylation
(N-formyl imidazole, THF-MeOH, —40°C, 2 h) without
purification of the intermediates yielding 1a® in 56% over
the three steps. The enantiomer 1b® was produced in the
same manner starting from the enantiomer of 6.4

Pyrrolidine based system (2a and b). Several hydro-

genolysis conditions for N-CBz deprotection of 1aand b
were examined to produce 2a and b (Table 1, entries 1-5)

Table 1. Hydrogenolysis conditions for 1a using 10% Pd/C

C. R. Woods et al. | Bioorg. Med. Chem. Lett. 12 (2002) 2647-2650

before efficient conditions were found (H,, 10% Pd4/C,
10equiv TFA, MeOH, 25°C, 4h, entry 6). Thus,
although N-CBz deprotection was slow and typically
problematic, acid catalysis with inclusion of TFA pro-
vided 2 in good conversions.

Furan based system (3a and b). Transformation of the
monomer 12* and its enantiomer into their respective
functionalized trimers 3a° and b'2 was performed using the
strategy detailed above for 1a and b (Schemes 1 and 2).
However, the tetrahydrofuran-based compounds
proved highly water soluble. Thus, removal of excess
starting materials, reagents, and side products by
simple acid-base extraction was not possible and
chromatographic purifications were required.

Cyclopentane based system (d4a). Transformation of the
monomer 18* into 4a was performed uneventfully using
the strategy detailed above (Schemes 1 and 2).

N-Me pyrrolidine based system (5a). N-Boc deprotec-
tion (HCl-dioxane) of 24* provided the amine 25 as the
hydrochloride salt and methyl ester hydrolysis of 24*
(LiOH, THF-MeOH) provided the lithium carboxylate
263 (Scheme 3).

Following the strategy detailed above, the lithium salt
26 was used to provide trimer 28 {Scheme 4). However,
coupling of the carboxylic acid derived from 28 with
3-aminopropionitrile afforded 29 in only moderate yield

H
1( H
& Z r;zl"’@ rN " Table 2. Csq values
a2 — RS & H Compd G
i e ZQ*‘; N p o (M)
2a H NH Distamycin 0.46
1a 4.70
Entry Conditions Result ;b 2;9’
a .
1 H,;, McOH, 25°C, 24-48h No reaction 2b 8.55
2 H,, MeOH, 2N HCI, 25°C, 24 h!° Decomposition 3a 5.40
3 4% HCOOH, MeOH, 25°C, 14n!! Decomposition 3b 5.50
4 H,, acetone-MeOH, 25°C, 24 h!? No reaction 4a 7.91
5 H,, 2equiv HOAc, MeOH, 25°C, 24h No reaction Sa 6.70
6 H,, 10equiv TFA, MeOH, 25°C, 4h 2a, 64%
p[dA}-p[dT] 8.8 M bp, EtBr 4.4 ;M.
BocHN, BockiN H
HN BocHN o¢ H .
Z—) JHO . EDCI, DMF 2x>"‘1 I,N 1} HCI, Et0AC X NZ—) H
» _— 7 \ _— o
X" COMe X" "COH  poat or HOBE o (A rOMe 2) EDCI, HOAL, X Z \
1 DMF Q 7 rOMe
X X X o 8,14,0r 20 b3 ]
7 NCBz 8 NCBz 8 NCBz 66% 10 NCBz 73% o
13 0 14 0 15 © 66% % © 65%
18 CH, 20 CH, 21 CH, 89% 22 CH, 3%
H
BocHN u HT{&
1) LIOH or NaOH, o H 1) HGI, EXOH or MeOH D H
16 _THF, MeOH, H,0 X 10( Zﬁ/ H 2) NHs, EtOH O Ty NZ—> H
22 3)EDCI, HOAL DMF X ), 4 3) HCOOH, THF, MeOH O Sy "
B oNe o~ © Sy ”“(N\/\c& o o Z Ls, N NH,
NHyHCI x X NSNS X XY
11 NCBz 75% =/ 1a NCBz 56% ° NH
7 0 50% 32 0 80%
23 CH, 38% 4a CH, 74%
29 NMe 20% 52 NMe 50%

Scheme 2.
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(20%, Scheme 2). Consequently, an alternative con-
vergent synthesis was used to provide 29 (Scheme 4).
Coupling 26 with 3-aminopropionitrile (HATU,
i-Pr,NEt, DMF, 25°C, 80%) vielded nitrile monomer
30, which was subsequently N-Boc deprotected (HCI-
EtOAc) and coupled with the carboxylic acid derived
from 27 (LiOH, THF-MeOH-H,0) using standard
coupling conditions (HATU, i-Pr,NEt, DMF, 25°C,
60%) to provide 29 in a more satisfactory yield. Treat-
ment of 29 with freshly prepared 8 N HCI-EtOH led to
N-Boc deprotection and imidate formation. Subsequent
treatment of the imidate with NH3;-EtOH provided
the corresponding amidine which was formylated using
N-formyl imidazole freshly prepared by treating
carbonyldiimidazole with formic acid to provide 5a.'4

Initial assessment of DNA binding. The compounds 1-5
were initially screened for DNA binding using p[dA}-
pldT] in a fluorescence intercalator displacement (FID)
assay.'> The relative binding affinities were established
by monitoring the loss of fluorescence derived from
titration displacement of prebound ethidium bromide
from p[dA}-d[dT]. A comparison the compound con-
centration required for 50% displacement of the ethi-
dium bromide (Csp) revealed that none of the saturated
analogues compared well to distamycin (Table 2). The
best of the analogues, N-CBz pyrrolidine 1a, required a
10-fold greater concentration relative to distamycin
(4.70 vs 0.46uM), while the remaining analogues
required even higher concentrations (5.10-8.55uM).
Interestingly, one stereochemical configuration, (R)c.
ring{S)Nuring (the a analogues), consistently performed
better than their respective enantiomers.

Binding to a hairpin deoxyoligonucleotide containing an
A/[T-rich binding site. In an attempt to assess binding

2649

flat fluorescence reduction curves too shallow for accu-
rate Scatchard analysis.!® Qualitatively, their behavior
can be compared using the ratio of fluorescence present
before (Fgp9,) and after the addition of one equivalent
of agent (F;),!” using the F,/F99o, value (Table 3). With
distamycin, a F/Fige, of 0.48 is observed, whereas
much higher values are observed with the saturated
systems (0.77-0.92). The trends for hairpin and p[dA}-
p[dT] DNA binding (F;/F 00s, versus Csp) are similar
with the N-CBz derivatives (1a and b) exhibiting the
better binding properties than the remaining analogues.
However, additional insights are difficult to extrapolate
due to the low binding ability.

Discussion

One major impact of saturating the distamycin pyrrole
rings with 2 or 5 is the introduction of three additional
basic nitrogens. Those of 2 are present as secondary
amines while those of 5 are tertiary amines. Although
not observed, one might have suspected that pH 7 pro-
tonation of these amines might provide positively
charged centers that would benefit from stabilizing
electrostatic interactions with DNA enhancing their
affinity. In addition, the comparable behavior of 2 and 5
with either 3 or 4, suggest that the presence of the basic
amines do not enhance or inhibit binding relative to the
impact of introduction of the saturated versus unsaturated

Table 3. F/F oy values of distamycin agents 1-5 with hairpin DNA

5C-G-A-A-A-A-A-CPA
3GCT-T-T-T-T-G, 4

= = - 3, a i i
constant comparisons of 1-5, a FID titration assay was Compd Fi / Fionw Curve description
performed using a DNA hairpin with an A/T-rich Distamycin 0.48 Good
binding site of 5bp. As above, the analogues exhibited 1a 0.88 Flat
low binding affinity toward the hairpin DNA, yielding ;Z g;g gi:

2b 0.88 Flat
HoH BocHN BocHN 3a 0.90 Flat
Z—) . 2HCI HCI LioH 3b 0.90 Flat
N COMe N “C0O,Me THF, H,0 N7 CO,Li 4a 0.92 Flat
Mo o BOAe o " we 5a 0.83 Flat
25 24 28 oF - -
1/Fioo% is the ratio of fluorescence before (Figoq,) and after the
Scheme 3. addition of 1 equivalent of agent (F).
BocHN
BocHN H
1) LIOH, THF, ) S N
HATU, FPENEL, N )m'eoa, H,0 N Z_) H
2%+ 26— N R A e Me O N
DMF, 48 h e O . _OMe 2)25 HATU, FPrNEL, N Z—>
&% N DMF, 74 Me © ..., OMe
Me © 73% N
27 28 Me O
20% | 1 HOH, THF, MeOH, H,0
. LioH 2) EDCI, HOAY, DMF
THF, MeOH, NE~ NHHCI
O | HATU. PrNEt
NG NH G B“N*"z—} H o DMF, 6
_— . » , dioxane 60%
% HATU, #PrNEL, N e
DMF, 48 h Me O

80% 30

Scheme 4.
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heterocycles. Interestingly, the most effective analogue
in the series is 1 bearing the hydrophobic N-CBz pro-
tecting group. However, even 1 would not be considered
an effective DNA binding agent. Finally, the all carbon
cyclopentyl-based analogue 4 emerged in the DNA bind-
ing assays as the poorest analogue in the series.

Although several features imparted by the structural
changes could be responsible for the poor binding of 1-
5, the magnitude of the reductions is notable. From
molecular modeling studies, a minor groove com-
plementary shape, hydrogen bonding, and stabilizing
electrostatic interactions analogous to those observed
with distamycin are possible with 1-5 and the hydro-
phobic character covered by the series brackets that of
distamycin. Nonetheless, no saturated analogue in the ser-
ies came close to the DNA binding affinity observed with
distamycin iflustrating the importance of the unsaturated
heterocycles. 18
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